OBJECTIVE: Endovascular treatment of large intracranial aneurysms arising from a fenestrated parent vessel may prove particularly difficult. We present a case of a large, broad-based aneurysm arising from a proximal basilar artery (BA) fenestration treated with the wafflecone technique. Technical nuances and indications for this treatment option are reviewed. CLINICAL PRESENTATION: A 38-year-old man presented with headache, blurred vision, and dizziness. Angiography demonstrated an 11 × 14-mm BA aneurysm associated with the proximal portion of a BA fenestration. TECHNIQUE: A 28 × 4.5-mm Enterprise stent was placed from the right vertebral artery directly into the aneurysm. The stent tines were allowed to flare out in the aneurysm neck creating the "waffle cone. " The aneurysm was then coiled with a series of Presidio coils. CONCLUSION: Use of the waffle-cone technique for stent placement resulted in nearly complete embolization of the aneurysm, retention of the entire coil mass in the dome, and preservation of flow through both vertebral arteries and both limbs of the fenestration.
S
accular aneurysms are known to originate from basilar artery (BA) fenestrations. [1] [2] [3] [4] These lesions can be technically challenging to deal with from a surgical or endovascular standpoint, given the complex relationship of the parent vessel, fenestration arms, vertebral arteries, and BA perforators to the aneurysm. The lesions are often wide based, incorporating the takeoff of both divisions of the BA fenestration and both vertebral arteries. When these lesions have a narrow neck, direct endovascular coiling can be used and has been well documented as a safe and effective technique. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] When the neck of the aneurysm is wide in relation to a basilar fenestration, standard coiling techniques may be associated with risks of coil herniation and obstruction of any of these vessels.
We describe a patient who presented with a large aneurysm located at the proximal end of a BA fenestration. The lesion was wide based and, on careful angiographic analysis, proved to incorporate the takeoff of both limbs of the basilar fenestration and both vertebral arteries. Packing the aneurysm dome with bare coils was thought to present an unacceptable risk of occlusion of one or several of the previously mentioned vessels involved with the base of the aneurysm. Therefore, to successfully treat the lesion, we used a technique of intra-and extra-aneurysmal placement of a single stent, with subsequent coiling of the aneurysm.
CLINICAL PRESENTATION AND INTERVENTION
A 38-year-old man presented with monocular blurred vision, intermittent dizziness, and frontal headache. He consulted a local ophthalmologist who diagnosed a corneal abrasion. After several days, his blurred vision and headache persisted, and he went to the emergency department. Three-dimensional reconstruction of a computed tomography angiogram of the brain showed an 11 × 14-mm aneurysm associated with the proximal portion of a BA fenestration (Figure 1 ).
Conventional catheter-based cerebral angiography confirmed the presence of an aneurysm in the basilar trunk region. Careful analysis confirmed that the lesion arose from a fenestration of
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Using the Waffle-Cone Technique the BA (Figure 2 ). The lesion was wide based with a neck measuring 6.1 mm and incorporated the takeoff of both limbs of the fenestration and both vertebral arteries. The vascular channels of the fenestration had fairly significant areas of tortuosity distal to the origin of the aneurysm.
Thorough consideration was given to this lesion and the patient's presentation. On the basis of data from the International Study of Unruptured Intracranial Aneurysms, 15 we believed that this was an aneurysm with a high risk of subarachnoid hemorrhage, and, therefore, conservative radiographic observation, although an option, was not optimal. We also considered and presented to the patient surgical options that, until recently, had been the mainstay for treatment of all intracranial aneurysms. This aneurysm would have required a far lateral transcondylar or a transpetrosal approach with a risk of lower cranial neuropathies, cerebrospinal fluid leak, stroke, and even death. We also considered a simple stent-assisted coilembolization procedure; however, as seen in Figure 1 , the aneurysm neck was so broad based and enveloped the origins of both fenestrations equally, making the only viable option either a Y-configuration stenting 16, 17 or, as reported here, a waffle-cone technique. We believed that with a single stent, the risk of early or late thromboembolic complications would be lower. We did discuss with the patient the higher risks of recanalization with endovascular therapies and certainly the possible need for additional treatments.
An informed consent was obtained from the patient. He was given a loading dose of aspirin (325 mg) and clopidogrel (300 mg) the night before the procedure and received an additional dose on the morning of the procedure. After conscious sedation was established with intravenous fentanyl and midazolam, the right femoral artery was accessed with a 6-French sheath.
A 6-French Envoy catheter (Cordis Endovascular, Warren, New Jersey) was advanced to the distal right vertebral artery. We proceeded to advance a Prowler Select Plus microcatheter (Cordis Endovascular) with a Synchro2 standard microwire (Boston Scientific, Natick, Massachusetts) into the aneurysm dome. Once the catheter was in position, we deployed a 28 × 4.5-mm Enterprise stent (Codman & Shurtleff, Inc., Raynham, Massachusetts) with the distal end of the stent in the aneurysm dome. As the stent was deployed, we applied slight traction on the delivery catheter and stent in such a fashion as to cover the wide neck of the aneurysm. The remainder of the stent was deployed in the right vertebral artery ( Figure 3A ). This maneuver established the "waffle-cone" configuration ( Figure 4 ). With the stent in position, we advanced the Prowler Select Plus catheter over the Synchro2 microwire into the aneurysm dome. A 14 × 47-cm Presidio 18 coil (Micrus Endovascular, San Jose, California) was deployed in the aneurysm dome. We continued to pack the aneurysm with the following Figure 5A and B). Follow-up angiography 6 months later demonstrated no treatable residual aneurysm and preserved flow through both limbs of the fenestration, the BA, and both vertebral arteries ( Figure 6A and B). The patient tolerated the procedures well with no untoward neurological or cardiovascular events. He was maintained on daily aspirin and clopidogrel therapy.
DISCUSSION
Endovascular coil embolization in wide-based aneurysms carries with it the challenge of coil herniation and subsequent occlusion of parent vessels or branches associated with the aneurysm. Stent-assisted coiling is becoming a standard endovascular technique in the treatment of wide-based intracranial aneurysms. [17] [18] [19] [20] [21] [22] Several innovative techniques using combinations of stents and coils to tackle difficult wide-based aneurysms have been described. Sani and Lopes 17 described a case in which 2 stents were placed in a Y configuration to successfully protect the M1 and M2 branches of a middle cerebral artery bifurcation aneurysm. A similar technique was used by Perez-Arjona and Fessler 16 to preserve bilateral posterior cerebral arteries in the setting of a widebased basilar apex aneurysm. Horowitz et al 23 described a series of patients with wide-necked bifurcation aneurysms not associated with fenestrations that were treated using a technique of intra-/extra-aneurysmal stent placement, which was described as the "waffle-cone" technique because of the appearance of the stent-coil combination after treatment. In addition, balloonassisted coiling to encourage coil retention in the aneurysm dome has become part of the armamentarium used to deal with widebased or large aneurysms. 24 Fenestration of the BA is an uncommon anatomic variant caused by a failure of fusion of the paired longitudinal neural arteries during the fifth week of fetal life.
1,2 Postmortem investigations have described the incidence of BA fenestration to be 6%, whereas angiographic studies show an incidence of 0.04% to 0.6%. 3, 25, 26 The presence of an aneurysm is described in as many as 7% of cases of BA fenestration.
14 Among proximal BA aneurysms, fenestration of the BA has been seen in 35.5% to 50% of cases. 4, 27 It has been postulated that alteration of flow and hemodynamics seen with this anatomic variant, in combination with morphological changes seen in the medial walls of the fenestration, predispose BA fenestration anatomy to aneurysm formation.
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FIGURE 4. A-D, artist's rendering of stepwise stent-assisted coiling of the aneurysm using the waffle-cone technique, as described in our patient.
A B C D FIGURE 5. Cerebral angiogram, right vertebral artery injection. Oblique view (A) demonstrating residual filling of aneurysm neck 3 months after the original coiling procedure. B, decreased filling and near obliteration of the residual neck after the addition of coils.
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FIGURE 6. Cerebral angiogram, right vertebral artery injection. Oblique view (A) demonstrating no treatable residual aneurysm and preservation of flow through the right vertebral artery, both fenestrations, and the basilar artery 6 months after the original coiling procedure. B, lateral view; white arrow indicating retrograde filling of the left vertebral artery.
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A review of the literature revealed 34 cases reported of endovascular treatment of aneurysms associated with BA fenestration. [6] [7] [8] [9] 11, 12, 14, 28, 29 Although the technical details of all cases are not available, devices used include coils and detachable balloons to embolize the aneurysm dome. One case of stent-assisted coiling was reported. 29 In 4 cases identified in the literature review, treatment resulted in occlusion of an arm of the fenestration, 7, 8, 14, 29 1 of which occurred with balloon-assisted coiling, 7 2 with coiling alone, 8, 14 and 1 with stent-assisted coiling. 29 Treatment in 2 cases resulted in occlusion of a vertebral artery, 1 with coiling alone 14 and 1 with a combination of a stent, balloon, Onyx, and coils. 29 The technique that we used to manage the aneurysm in our patient was described previously but not in association with a BA fenestration aneurysm. 23 The most recent report of endovascular treatment of a BA fenestration aneurysm involved the attempted use of a stent to prevent coil herniation and occlusion of vessels involved with the base of the aneurysm. 28 Those authors placed a stent that extended from the left vertebral artery through the left fenestration and into the basilar trunk. Attempts to coil the aneurysm with the assistance of the stent then failed because coil material herniated into the right vertebral artery, occluding both that artery and the right fenestration. They then elected to sacrifice the right vertebral artery and right limb of the fenestration by leaving the herniated coils in place and injecting Onyx. This technique resulted in successful embolization of the aneurysm with preservation of the left vertebral artery and left fenestration limb, but at the expense of the right vertebral artery and right fenestration limb. 28 The use of intra-/extra-aneurysmal stenting, or the waffle-cone technique, may have preserved flow through all vessels involved with the base of the aneurysm, as seen in our case.
The patient whom we describe presented several unique features that we thought made the lesion best treated by deployment of a stent inside the aneurysm and extending into the parent vessel, with subsequent coil embolization. There was a significant size mismatch between the distal vessels of the basilar fenestration and the parent vertebral artery. In addition, there was tortuosity of the distal limbs of the fenestration as they arose from the aneurysmal base. This anatomic configuration would make stenting of these segments more difficult and possibly produce kinking of the stent. More importantly, the very wide base of the neck would have made a simple 1-fenestration limb stentassisted coiling likely have the same fate as in the case described here with inadequate neck coverage (neck measured >6 mm). Our patient had a hypoplastic vertebral artery on the left side, so parent vessel sacrifice was not feasible for treatment of the aneurysm.
Additionally, there was concern that the fenestration limbs might have angiographically occult short and long circumflex perforators to the upper medulla and lower pons, which are sometimes seen originating from the proximal BA. This was an additional motivating factor in our desire to ensure maximal coil retention in the dome and preserve all efferent and afferent vessels that NE UROSURGERY VOLUME 67 | OPERATIVE NEUROSURGERY 1 | SEPTEMBER 2010 | ons143
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might be associated with an aneurysm in this location and, thus, minimize possible ischemic complications.
Conceivably, a Y-stent construct could be used to treat the aneurysm described here, but we thought that the tortuosity of the parent vessels as they exited the aneurysm would make this technique quite difficult. The limbs of the basilar fenestration that reformed into the basilar trunk originated at the junction of both vertebral arteries. Soon after leaving the aneurysm neck, both branches went through 90-degree angulation around the aneurysm and therefore posed a significant challenge to not only placement but also intraluminal kinking or ovalization of the stent itself. Further, the significant mismatch between the afferent right vertebral artery and efferent fenestration trunks made sizing of the stent challenging, especially if one attempted to perform a Y-stent procedure. For Y stenting, both stents would need to be of an open-cell design to interdigitate and not develop the hourglass configurations that will happen with a closed-cell stent design. Because of these anatomic challenges, we thought that treatment of this aneurysm would be best accomplished by placement of an intra-/extra-aneurysmal stent, or waffle cone, to ensure retention of the entire coil mass in the dome of the aneurysm and preserve flow to both limbs of the fenestration and both vertebral arteries. Given the success of this treatment in the case reported here, we will certainly consider this technique when encountering fenestrations elsewhere in the basilar trunk or anterior circulation. 
